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Abstract 
This paper studies function S-rough sets over-dual-universes and the identification law in information system, 
describing the basic conceptions and properties of function S-rough sets over-dual-universes, its law feature and 
generating method, criterions to identify its law and the corresponding identification theorem and applications of law 
identification. 
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1. Introduction 
In systems with multi-outputs and multi-outputs, we usually want to identify their laws of outputs or 
inputs to get their different output laws in different operating ranges. Take some radar system executing 
information identification with regard to ships among the certain sea area for example. Signals coming 
from different positions of ships form function domain 1, in the same time, radar system will receive a 
group of functions, forming function domain 2. To identify function domain 1, we can equivalently 
identify function domain 2. As long as we identify function domain2, we can infer the ship’s size and type, 
etc. The above is an example of dual-universes problem. bMoreover, since ships’ position and velocity are 
dynamic, this turn to a dynamic function dual-universes problem that is S-rough sets over dual-universes 
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problem. So there is important theoretical significance and application value to study this kind of 
problems. 
References [1] and [2] show the basic conceptions of function S-rough set, from [3] to [7], the 
corresponding references study the theory and application of function S-rough set, from [8] to [13], 
references give the basic conceptions of rough set over dual-universes, study the construction of 
proximate operator of rough sets over dual-universes, the relationships between rough sets over dual-
universes and Pawlak rough sets and the construction of proximate operator of rough sets over dual-
universes in fuzzy approximate space. 
Because function S-rough sets over dual-universes possess dynamic and regular feature and there are 
crossing and permeating points between them and information identification in information system, this 
paper will consider combining function S-rough sets over dual-universes with information identification 
in information system, giving the basic conceptions and properties of function S-rough sets over dual-
universes, studying dual-universes’ law feature and construction methods of law and concluding with 
criterions and theorem of dual universes law’s identification. 
2. Function S-Rough Set 
2.1. Unidirectional Function S-Rough Set  
Suppose D(x) is a limited function universe, D(x) ⊂ D(x) is finite function set, 
F={ }, , ...,1 2f f f m , , , ...,1 2 −− −− = ⎫⎧⎪ ⎪⎨ ⎬⎪ ⎪⎩ ⎭ff fF n  is the function transfer family and ( )[ ]xu  is the R-function 
equivalent class. 
Definition 1 0( )xD  is the unidirectional S-function set of D(x)⊂D(x), if 0( )xD =D(x)∪{ ( )v x ∈
D(x), }( ) ( ), ( ( )) ( ) ( )v x D x f v x u x D x∉ = ∈ .
The definition of  the f -extension of D(x), ( )f xD ; the lower approximate and upper approximate of 
0( )xD ⊂ D(x), 0( , )( ( ))R F XD  and 0( , )( ( ))R F xD ; the R-border of 0( )xD ⊂ D(x), 0( ( ))xB DnR ; the 
assistant sets of unidirectional S-function set, 0( ( ))As xD  are as same as  the definition in references [7]. 
2.2. Bi-directional Function S-Rough Set 
The definition of  the bi-directional function S-rough set of ( )D x ⊂  D(x), *( )xD ; the f-shrink of 
( )D x ⊂  D(x), ( )f xD
−
; the lower approximate and upper approximate of *( )xD ⊂ D(x), 
* *( , )( ( ))R xF D  and * *( , )( ( ))R xF D ; the border of *( )xD ⊂  D(x), *( ( ))xB DnR ; the assistant sets of 
bi-directional S-function set, *( ( ))As xD  are as same as  the definition in references [9]. 
3. Function S-Rough Set over Dual-Universes 
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3.1. Unidirectional Function S-Rough Set over Dual-Universes 
Suppose D(x) and P(y) are two non-empty finite function universes, R ⊂  D(x)×  P(y) is a binary 
relation from D(x) to P(y), 'R  is the inverse relation of R .
Define ( ){ }( ), ( ) ( ) ( ), ( )( ( )) v y v y P y u x v y RR u x ∈ ∈= and { ( ) }( ( )) ( ), ( ) ( ) ( ), ( )R v y u x u x D x u x v y R′ = ∈ ∈
Definition 2 Given that P(y) is a non-empty finite function universe, F is element transfer family 
defined on P(y), F={ }, , ...1 2f f f m , we call 0( )yP ⊂  P(y) as a unidirectional function S-rough set on 
P(y), if 
f F∈ , {0( ) ( ) ( )y P y v yP = ∪ ∈  P(y), }( ) ( ), ( ( )) ( ) ( )v y P y f v y u y P y∉ = ∈ .
Definition 3 In the information system (D(x), P(y),R), ( )P y∀ ⊆  P(y), we call ' 0( )yR P  as 
unidirectional function S-lower approximate of 0( )yP  with regard to (D(x), P(y),R) and  ' 0( )yR P  as 
unidirectional function S-upper approximate of 0( )yP  with regard to (D(x), P(y),R) , if 
{0 ( ) ( ), ( ) ( ),R P y u x u x D x′ = ∈ }0( ( )) ( ) ( ( ))R u x y R u xP φ⊆ ∩ ≠ , ' 0( )yR P ={ ( ) ( )u x u x ∈  D(x), 
}0( ( )) ( ) ( ( ))R u x y R u xP φ φ∩ ≠ ∪ =
From the above, we can infer that the positive universe of 0( )yP  is: 0( ( ))yPOS PR =
' 0( )yR P , the 
negative universe of 0( )yP  is: 0( ( ))yneg PR = P(y) − ' 0( )yR P , the border universe of 0( )yP  is: 
0( ( ))ybnd PR =
' 0( )yR P − ' 0( )yR P . If ' 0( )yR P ≠ ' 0( )yR P , （ ' 0( )yR P ， ' 0( )yR P ） is called 
unidirectional function S-rough set over dual-universes of 0( )yP ⊂  P(y). 
Theorem 1 In the information system (D(x), P(y),R), 0 00( ), ( ), ( )1 2y y yP P P∀ ⊂  P(y), all of which 
are non-empty, then: 
' 0( )yR P ⊆ ' 0( )yR P ;
0 0( ) ( )1 2y yP P⊆ ⇒ 0 0' '( ) ( )1 2y yR P R P⊆ , 0 0' '( ) ( )1 2y yR P R P⊆ ;
0 0 0 0' ' '( ( ) ( )) ( ( )) ( ( ))1 2 1 2y y y yR P P R P R P∩ = ∩ ;
0 0 0 0' ' '( ( ) ( )) ( ( )) ( ( ))1 2 1 2y y y yR P P R P R P∪ = ∪ ;
' 0( )yR P =  D(x) − '(R  P(y)− 0( )yP ), ' 0( )yRP =D(x)− 'R (P(y)− 0( )yP );
' 'R Rφ φ φ= = , 'R P(y)= 'RP(y)= D(x). 
From the definitions, we can easily verify this theorem. 
3.2. Bi-directional Function S-Rough Set over Dual-Universes 
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Definition 4 Given that P(y) is a non-empty finite function universe, *F  is element transfer family 
defined on P(y), * FF F
−
= ∪ , F={ }, , ...1 2f f f m , , , ...,1 2 ff fF n
−− −
=
⎫⎧⎪ ⎪⎨ ⎬
⎪ ⎪⎩ ⎭
, we call *( )yP ⊂  P(y) as a 
bi-directional function S-rough set on P(y), if * *f F∈ ， * ff f
−
= ∪ ,
{*( ) ( ) ( ) ( ),P y P y v y P y′= ∪ ∈ }( ) ( ), ( ( )) ( ) ( )v y P y f v y u y P y∉ = ∈
{( ) ( ) ( ) ( ) ( ),P y P y v y v y P y′ = − ∈ }( ( )) ( ) ( )f v y u y P y= ∉ .
Definition 5 In the information system (D(x), P(y),R), ( )P y∀ ⊆  P(y), we call ' *( )yR P  as bi-
directional function S-lower approximate of *( )yP  with regard to (D(x), P(y),R) and  ' *( )yR P  as bi-
directional function S-upper approximate of *( )yP  with regard to (D(x), P(y),R) , if 
{ }( ),' * *( ) ( ) ( ) ( ( )) ( ) ( ( ))D xy u x u x R u x y R u xR P P φ= ∈ ⊆ ∩ ≠ ,
{ }( ),' * *( ) ( ) ( ) ( ( )) ( ) ( ( ))D xy u x u x R u x y R u xR P P φ φ= ∈ ∩ ≠ ∪ =
From the above, we can infer that the positive universe of *( )yP  is: *( ( ))yPOS PR =
' *( )yR P , the 
negative universe of *( )yP  is: *( ( ))yneg PR = P(y) − ' *( )yR P , the border universe of *( )yP  is: 
*( ( ))ybnd PR =
' *( )yR P − ' *( )yR P .
Theorem 2 In the information system (D(x), P(y),R), * * *( ), ( ), ( )1 2y y yP P P∀ ⊂  P(y)，all of which 
are non-empty, then: 
* *( ) ( )R P y R P y′ ′⊆ ;
* *( ) ( )1 2y yP P⊆ ⇒ ' * ' *( ) ( )1 2y yR P R P⊆ , ' * ' *( ) ( )1 2y yR P R P⊆ ;
' * * ' * ' *( ( ) ( )) ( ( )) ( ( ))1 2 1 2y y y yR P P R P R P∩ = ∩ ;
' * * ' * ' *( ( ) ( )) ( ( )) ( ( ))1 2 1 2y y y yR P P R P R P∪ = ∪ ;
' *( )yR P =  D(x)- '(R  P(y) − *( )yP ), ' *( )yR P = D(x)− 'R ( P(y)- *( )yP );
' 'R Rφ φ φ= = , 'R P(y)= 'R P(y)= D(x). 
From the definitions, we can easily verify this theorem, too. 
4. Law Feature and Generation of dual universes 
Definition 6 In the information system (D(x), P(y),R), ( ), ( )1 2x xd d∀ ∈  D(x), R implies relation eD
on D(x): ( ) ( )1 2x xd e dD ( ( )) ( ( ))1 2R x R xd d⇔ = , where eD  is equivalent relation, denote ( )D x eD
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as a partition of D(x), [ ( )]d x e D
 is a equivalent class of ( )d x , [ ( )]d x D  for short. D(x) and eD  form 
Pawlak approximate space. 
Definition 7 [ ( )]d x  is a law with property set { }1 2, , ..., k Ee e eD D D Dα = ⊂ , if there are a property 
,Ee eD D Dα∈ ∉  and element transfer f F∈ , changing e D  to '( )f e eD D Dα= ∈ , we call [ ( )] fd x
is f-generating law of [ ( )]d x .
Definition 8 [ ( )]d x  is a law with property set { }1 2, , ..., k Ee e eD D D Dα = ⊂ , if there are properties 
}{, 1, 2, ...,i i ke DD α∈ ∈  and element transfer f F∈ , changing ie D  to ( ) iif e e DD D α= ∉ , we call 
[ ( )] fd x  is f -generating law of [ ( )]d x .
Given law [ ( )]d x ={ }, , ...,1 2d d d n , d i
∧
 is discrete data distribution of [ ( )]d xd i ∈ , for example, 
{ ,1d di i
∧
= }, ...,2d di im , here, , 1, 2, ..., ; 1, 2, ...,i n j md ij ∈ = =  . For example, given that discrete data 
distribution is in two dimensional data point form: ( , ), ( , ), ..., ( , )1 21 2y y yx x xm m , we can get the 
estimation of parameters of D(x)=
xbka , so we get the increase curve D(x)=
xbka , moreover, we get the 
law of increase curve D(x) generated by [ ( )]d x . In fact, D(x) is just one form generated by[ ( )]d x .
Arbitrary two laws, [ ( )]D x i and [ ( )]D x j ( i j≠ ) on [ ( )]d x , if their distance 
d([ ( )]D x i , [ ( )]D x j )( i j≠ ) satisfies ([ ( )]D x i , [ ( )]D x j )≠ 0, we say [ ( )]D x j  is discernable with regard 
to [ ( )]D x i , where d( [ ( )]D x i , [ ( )]D x j ) means ( ) 11([ ( )] , [ ( )] ) 1 , 0 ppnd D x D x n b ai j j ii j ⎛ ⎞−= ⎜ ⎟∑ −⎜ ⎟=⎝ ⎠ ,
,a bi j  is the corresponding parameters of generating laws [ ( )]D x i  and [ ( )]D x j , just like the above k, a, 
b in the increase curve law. Obviously, if d( [ ( )]D x i , [ ( )]D x j )=0, [ ( )]D x j  is [ ( )]D x i  indiscernible with 
regard to [ ( )]D x i , [ ( )]D x j ∈ [ ( )]d x , i j≠ .
Theorem 3 In the information system (D(x), P(y),R), if D(x) is a law generated by [ ( )]d x , ( ) fD x  is 
a law generated by [ ( )] fd x , DIS( ( ) fD x ,D(x)) ⇒DIS(R( ( ) fD x ),R(D(x)))  (DIS= discernable; R is 
binary relation of dual universes). 
Theorem 4 In the information system (D(x), P(y),R), if D(x) is a law generated by [ ( )]d x , ( ) fD x  is a 
law generated by [ ( )] fd x , DIS( ( ) fD x ,D(x))⇒DIS(R( ( ) fD x ),R(D(x))). 
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Corollary 1 In the information system (D(x), P(y),R), if property set Dα  of [ ( )]d x  and 
f
Dα  of 
[ ( )] fd x  satisfy { }'( )f fD DDα α α= − , where fDα = { }'( )fD DDβα α∪ = , we get: 
IND( ( ) fD x ,D(x)) ⇒ IND(R( ( ) fD x ), R(D(x)))  (IND= indiscernible). 
Corollary 2 In the information system (D(x), P(y), R), if property set Dα  of [ ( )]d x  and 
f
Dα  of 
[ ( )] fd x  satisfy Dα =
f
Dα { }( )f Dβ∪ , where fDα = Dα -{ }'( )f D Dβα = , we get: 
IND( ( ) fD x ,D(x)) ⇒ IND(R( ( ) fD x ),R(D(x))). 
Theorem 5 In the information system (D(x), P(y), R), [ ( )]
f
R D x i  is discernable with regard to 
[ ( )]R D x i  if and only if F φ≠ .
Proof: 1) If [ ( )]
f
R D x i and [ ( )]R D x i  are discernable, ( [ ( ) , [ ( ) )] ]
f
d R D x R D xi i ≠ 0, therefore, 
([ ( ) ,[ ( ) )] ]
f
d D x D xi i ≠ 0, that means f  exist, so F φ≠ .2) If F φ≠ , so ([ ( ) ,[ ( ) )] ]
f
d D x D xi i ≠ 0 and 
( [ ( ) , [ ( ) )] ]
f
d R D x R D xi i ≠ 0, so [ ( )]
f
R D x i  and [ ( )]R D x i  are discernable. 
Theorem 6 In the information system (D(x), P(y),R), [ ( )]
f
R D x i  is discernable with regard to 
[ ( )]R D x i  if and only if F φ≠ .
5. Application of Law Identification 
Suppose [ ( )]d x  is a subsystem, [ ( )]d x ={ }( ), ( )1 2x xD D , ( )1 xD  and ( )2 xD  are two output laws of 
[ ( )]d x ,  just like the signal functions sent out by one ship in the sea. Making use of the law synthetic 
method, we can get the synthetic output law ( )D x  of [ ( )]d x . As an example, 
( ) ...1 1 2 2D x a x a x a xt t t k t k tε= + + + +− − − 0.6648 0.5871 0.39811 2 3x x xt t t= − +− − −
0.183 0.1972 0.327554 6x x x ttt t ε− + − +−− −
This formula means when system [ ( )]d x  is normal, disturbing the signals sent out by ship to avoid 
other agents getting information of this ship, then: 
( ) 1 1 2 2
f
D x b x b x b x tt t k t k μ= + + + +− − −L 0.837 0.7152 0.22861 2 3x x xt t t= − + −− − −
0.7932 0.3351 0.366154 6x x x ttt t μ+ − +−− −
This means after disturbing system [ ( )]d x , the law change from D(x) to ( )
f
D x .
Because ( )( ), ( ) 0fd D x D x ≠ at the time t, the law of subsystem[ ( )]d x is discernable at this time. As for 
some radar system [ ]( ( ))R d x , on one hand, if it get the undisturbed signals sent out by ship, after the 
transformation of radar system, we get the following result: 
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( ( )) ...,1 21 2R D y y yx a a at k tk η= + + + + 0.464 0.3871 0.19811 2 3y y yt t t= − + −− − −
0.083 0.0972 0.227554 6x x x ttt t η+ − +−− −
On the other hand, if the received signals are disturbed, after the transformation of radar system, we 
get the function law: 
( ) ...( ) 1 21 2
fR D x y y yb b bk tt t t k η= + + + + =− − − 0.627 0.5052 0.11661 2 3y y yt t t− +− − − −
0.5832 0.2151 0.226154 6x x x ttt t η+ − +−− −
Because ( ) ( )( )( ) , ( ) 0fd R D x R D x ≠ , the law of subsystem [ ]( ( ))R d x  is discernable at this time, 
too. In the same time, we can get the disturbing factor law )(xv  by calculating the difference between 
the law when signals are undisturbed and the law when disturbed. Similarly, we can get the disturbing 
factor law ( ( ))R v x  with regard to radar system 
6. Conclusions 
The output, transfer and reception of law are very important constituent parts. This paper makes use of 
S-rough sets over-dual-universes to describe the transfer and reception of law and shows the law 
identification method. Some conclusions in this paper are given based on unidirectional function S-rough 
sets, however, as a matter of fact, these conclusions hold in the contexts of bi-directional function S-rough 
sets and bi-directional function incomplete S-rough sets. Limited by space, this paper doesn’t give the 
concrete form. Combining S-rough sets over-dual-universes with law identification of information system 
supplies a new research direction for system law identification. 
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